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The Validation of Mathematical Indices 
of Communication Stracture 

The interdependence of theory and observation or meas- 
urement practices has often been noted (V/oelfel, 1974). 
By influencing the way the world is perceived, observation 
or measurement practices obviously influence theory. In turn, 
theory (even inchoate or implicit theory) dictates what it is 
considered important to observe or raea.ov.r'^ . 

Because of this interdependence, self-consciousness- 
regarding measurement practices seems essential if sound 
theoretical statements are to be made. The vast number of 
pages devoted to social science measurement issues J.nriicates ' 
this self-consciousness is generally widespread. However, 
there are still some specialized subfields in which such 
scrutiny has been severely lacking. A case in point is 
"socio-network analysis," an interdisciplinary research area 
of which communication network analysis is a subtype. Before • 
stating the problem more precisely, cevc: definitions are 
needed, 

A "socio-network" (or, more briefly, "network") may be. 
defined as the set of relationships of a particular type (for 
example, communication, friendship, power, kinship) existing 
among a group of individuals. In network analysis these rela- 
tionships may be identified via several distinctly different 
methods (compared by Davis, 1953; Edwards & Monge, 1976; and 
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Parace, Monge, &; Russell, in press). Hov/ever, the most common 
methods seem to use the reports of the network memters them- 
selvea regarding those people wixh v/hom the.y share relation- 
ships of the type -under study. 

These relationships may be coded dichotomuusly (as being 
either present or absent) or they may be more precisely quanti- 
fied in terms of their frequency, intensity, etc. In any case, 
for netv/orks with more th,-in three members many different con- 
figurations of the relationships coiPprising a .■etwork are 
theoretically possible. The particular topological configu- 
ration which does exist is called that network's "structure." 

Structures are assumed to vary along many different the- 
oretical continua, such as "connectiTeness, " called "dimen- 
sions.'- Since net'^orks are composed o,f discrete, overt, 
countable, quantifiable entities (namely, the individual rela- 
tionships existing between pairs of network members), the 
dimensions of structure are overtly describable. The mathe- 
matical formulae used as operational definitions of structural- 
dimensions are here termed "indices" (called "metrics" by 
Richards, 1974, and others). An example of one such index is ■ 
network "density" (Niemeijer, 1973) (called "connectedness" or 
"connectiveness" by other writers). It is computed as the per- 
centage of theoretically possible relationships within a group 
which actually exist. 

An index is here considered a "valid" measure of a parti- 
cular dimension if its values systematically reflect variati< 
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dir:e:-..-1.c:': , eitn^rr cornlstc-ntly irnrerr-.Tin." or conp.is- 
:-/ith i-crease- in rr.r.t c irr.ens j or. , that is, 
i-O:'.!': re i.o x: 0; i r. v/i -j'-e dirnen.sior: under 

f rerr.'.fid "t.>or;rf;tioa"' Iv dirti.^.ot") are 
aL-j.TLin.on oar.'abl^- or varyin,- larrely ir.dener.r; .---^ly of one an- 
"•vr. cr ore o.i" ■',rterir - irto fur ct i oral rr": - tiorohl'-s vith 
a2::er"rt rcr-o.truotura 1 variobZ.-'-^o . Tn^ 'hir. ^oo^', ar. j.rnr:-- 
'-in!-, ocv-arlor -losejy v/ith (i.e., io. o "valid" -ea.sure of) 
varlationo in ore struotural nimen.oion r,av correlate ooorlv 
v/i-h i^ario-.icnr ir tho o->--. '^r i p i-ol^irn -hat index va] id- 
v'v can be .'udrei only v;5 resrect to a f neoific di'ienoion 
of f'truoturr- and not mlatlve to -r undif fnren tj a ted concert 
of "• ■ 'Tu^- ' irro. " T'r-'ai. ir, , even the voiida^.ion j'rocediir-! ruot 
reco-rire the ruit j -d i ■ err,io:ri 1. nr .ure o-' .oocial rtriicture. 

, atjio";ayi r'-il indiceo ^"or rfororin-- mcial structure have 
boon -i.-.ed v/idci;; in fi^^idr ar divr-.-jo a,; rocial ar thro-ol or:y , 
:natnei:ritioal :;ociolo-y, na+hor.iati cal rr--i!oJ.ory , adininirtrntive 
.oc'ionco, and, 'f courr^-, or-ani-oati'r'iai comnunioatiDn. Ye'., 
to date, amari.r-iv little atteni.ior h.au been rajd to their 
for-al validation relative to the di-i-n:;ions of otructure they 
are employed ^o measure . The validation .rtrategier seen in 
the structural literature are iarrely irrr^licit and none of them 
'^ar ad-airatelr o.-:«"cciated The rmlti-dimenraonal i 1 •/ of structure 

Authorr fub.oeribin- ^o a construct validation .-.trateyv 
have advocat-c sele^'tin.r indices on the basis of correlations 

o 
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between those indices and r.easures of non-structural variables 
which are believed related to an undifferentiated structural 
variable. Such an approach may be adequate for sxrictly 
pragmatic purposes, such as the selection of a structural 
index to serve as a bell-weather of v/ork group satisfaction. 
Its failure to enumerate specific dimensions of structure, 
however, makes this method seem uniquely unsuited for the 
more theorexical purpose of elucidating the relationships 
among structural and non-structural variables. Additional 
disadvejitages of the method include (a) the inherent circu- 
larity of all construct validation approaches (Uubin, 1969; 
James, 1973); (b) the assumption that the subject population 
used in the validation study is essentially the same as all 
future populations on which the index is to be used (since 
correlations between structural and non-structural variables 
may change from subject population to subject population); 
(c) the still embryonic state of theory and the consequent 
possibility of error in choosing an appropriate non-structural 
variable; and (d) the possibility that the operational defi- 
nition chosen for the non-structural variable might introduce 
substantial measurement error and spuriously deflate the cor- 
relation coefficient for the struc ture-to-non-structure rela- 
tionship. 

Researchers v/ho have used previous face or content valid- 
ation approaches have demonstrated a similar disregard for the 
multi-dimensionality of structure. V/hile some have assessed 
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index sensitivity to a dimension it is desired to measure, 
that is, sensitivity to a "target" dimension, most have 
neglected the equally important question of the degree to ■ 
which an index's values may at the same time be affected by 
variations in non- target dimensions. Three different methods 
of face validation are found in the literature. 

In the first face validation method (termed "dimensional 
specification': by Coleman, I964) the researcher simply exam- 
ines the index's computational formula and subjectively judges 
whether it "makes sense." In addition to this method's sub- 
jectivity, the difficulty in conceptualizing simultaneous 
variation along several dimensions (as would be required by 
'a multi-dimensional approach) renders this method virtually 
useless to the validation problem posed here. 

In the second method of face validation the researcher 
actually computes the index for those hypothetical networks 
v/hich manifest extremely high or low values of the target 
dimension, vmile this method is more objective than the 
previous one, its disregard fcr the multi-dimensionality of 
structure is seen in its assumption that the correlation 
between an index's values and the amount of a particular 
structural dimension will not clxange substantially regardless 
of what values are assumed by other, non-target, dimensions. 

Presently, the most rigorous form of face validation in 
the structural literature is Sablduasi ' s (1966) method, termed 
here "mathematical axiomatic deduction." In using this method 
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the researcher ior::.ally enujuerates the nather.atical properties 
a true measure of a particular target diniension would have to 
have, and xhen evaluates indices "believed to measure that di- 
nention according xhese criterial properties. V/nile this 

'-^ ~ ' O " ^ »^ • — — ^ . «^ v*..^ ^ ^ y -»-<^ Lf w V/ a. iCa, u> ^ w L< o 'v_y 

piinarily on the sensitivity oi an index to only one dimension 
(in xhis case, centrality). This nethod is potentially ex^ 
pandahle to the multi-dimensional case, but the complexity of 
SLxiomatic systems for even one structural dimension make it 
too seem inadecuate to resolve the validation problem posed 
here. 

Yet the need for systematic validation is unmistaheable. 
In the absence of adequate validation data, researchers run 
the risks of both suboptimal use of data and potentially mis- 
leading results. Unhappily, examples of each of these may 
already be foinid in the literature (Edwards & Monge, 1975). 
The prr-sent paper describes a new type of face validation 
and reports the results of using it to evaluate 11 indices 
of communication structure. 

Method 

Related to Nosanchuk's (1963) method of comparing clique- 
identification procedures, the method used here' in some ways 
resembles Bridgman's (1922) dimensional analysis. However, 
it is called " multi -dimensional analysis" (not to be confused 
with multidimensional scaling) to emphasize that, unlike pre- 
vious methods, it evaluates indices with reference to severa l 

8 
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dimensions rather than to only one. 

The nethcd involves the construction of sets of imaginary 
networks to ser-v-e as empirical standards. Its application . 
here proceeded in four stages: (a) identification of dimen- 
sions which previous researchers have considered it important 
to measure; (b) construction of sets of netv/orks differing 
incrementally along these dimensions; (c) selection of indices 
from among the dimensional categories; and (d) evaluation of 
each index's validity v/ith respect to each dimension. 
Identification of dimensions 

The literature lacks an explicit list of theoretically 
distinct dimensions which researchers agree it is important 
to measure. Yet researchers obviously have theoretical dimen- 
sions in mind when they design and use indices. Consequently, 
a good source of these dimensions would seem to be the careful 
scrutiny of the indices themselves. 

A careful examination of the most common indices of social 
structure (static structure only) in social anthropology, mathe- 
matical sociology, mathematical psychology, and organizational 
communication was -undertaken to identify recurring measurement 
intentions of researchers in these disciplines.^ These indices 
were found easily classifiable with reference to two dimensions 
(each having two subdimensions ) : Magnitude (with subdimensions 
of Size and Vol-ame), and Disparity (with Concentration and 
Diame ter) , 

The Magnitude dimension focuses primarily on :the niunher 

9 



Validation 
8 

of group r.enoers {i.e., netv/ork "Size") and zhe nujuber of 
relationships anonc; then (netv/cri: "Volune"), having little 
concern \rizh the distribu--ion of those relationchirs v.dthin 
the netv/orv. in contrast, the Disparity dimension focuses on 
the distribution of relationship- in terns of either their 
"Concentration," that is, the degree to which the relationships 
are concentrated uron one or a fev/ individuals rather than 
distributed eaualiv to all members; or the netv/orl-f s "T)ia- 
meter," that is, the length of the shortest chain linking 
the tv;o noGt "distant" individuals in the network. (Borrowed 
from mathematical topology (Plaraent, 1963; Harary, Norman, & 
Cartwright, 1965), the "distance" betv/een tv/o netv/ork members 
is measured as the least number of intermediary network mem- 
bers one would need to contact to pass a message between them.) 

The reason they are listed as two dimensions with two sub- 
dimensions apiece rather than as four senarate dimensions is 
that ;3ize and Volume (and, likev/ise. Concentration and Dia- 
meter) do not seem "theoretically distinct" enough (see above), 
to v/arrant status as separate dimensions. ' Future empirical 
research may reveal important differences between the func- 
tional relationshins involving Size and Volume (and likewise 
for Concentration and Diameter). However, currently lacking 
empirical aid of this kind, it seems best to minimize the num- 
ber of separate structural dimensions being postulated. 

The treatment of transitivity in tlie present analysis is 
a further example of this conservatism. Transitivity is the 

er|c 10 



Validation 



~re?.-er tc-r.d-r.cy for persons a and c -q ;.hare a ^articular 
-yr-.': of rp:lationnhir (e.r., friendshiT., cor-unication, etc.) 
v;ith on- an^-v-er if ^uoh a relatio:.3hio also -.listo betv;een 
a and b and oetv/een o ana c. yhouyh -ranoitivity seen:s in- 
tui-ively TO be a -oro con-lex tneoroiical continurin than is 
lagnitude, i^ hao beer, a-sooiated v;j th that dimension in the 
l::-vratiire. Tn fa--, indices of balance (a close relative cf 
-ransitivity; rave occasionally beer, ased to neasure netv.'ori: 
Vclui::e (Luce, lc-:5). Consistent -izh tris literature, tran :i- 
^ivi-y is here treated as a oart of the Volune subdirrension. 
Hov/eve-, results renorted here vnll be shov.-n in the final 
sectio^: to raise douses about t>:e Propriety of this,,-rounin-, 
and to su'^^est the nossibility ir fm future of examining 
transitivity as a dimension in its ovm rinht. 
ConfdlBl<llio.-:_JbLi:an IIZI^.2±^_e_yc ay, J' ejh^or hs 

bine se-s, cr "fajnilies," of bycothetical netv/orbs v/ere 
cor;: -rue ted to serve as enpirical standards representing each 
of the for- :-:,yn;;:;;Pnsio-s. In -a-b of ti-se famili^:;:, n tar-, 
r-t subdi;..en;;ion r-as syrte-atically vari r-.i froni a -ininur to 
a .-raxinun value v.-hilc the renainin- three subdir.ensions v/ere 
stabii.ised at b-nov/n values. Tv/o exarnnles of each familv 



aneoar in ;>U,^ure l/ 



_Iris^ert ?i;^r"e__^1_"7il^out_ here"" 

e ri- ;f'r-iilie3 ^-ere desi~ncd as emirica' r-t.an- 

'V.-^ds ror tbe ,.a-nitade dinension, tnroe families for the Si- 
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Gubdinensioi:, and three fanilies for the Vol^^^e subdinensicn. 
In recCTnition of the intinaxe relationship betv/een Size :id 
v^ol^xTie, Vclur.o v;as stabilized at a different (i.e.. high, 
nediuri, or lev/) value in each of the Size fardlies, and vice 
ver-a for the three Volume families (in v/hich Size assumed 
vp.lues of 6, 10, and 14 nodes, respectively) • In all six of 
those families, -cncentration v/as minimized by assigning an 
equal n^ur:her of links to all nodes in a particular network, 
and Diameter v/as minimized through the use of circiimscribed 
configurations rather than onen-ended branches (Harary, 1959). 

Families 7, 8, and 9 v;ere designed as empirical standards 
for the Disparity dimension. Tv;o distinctly different types 
of Concentration v/ere used in Families 7 and 8. The seventh 
family v;as designed to assess the sensitivity of an index to 
the positioning of a single link v/ithin the network. For this 
purpose, a ^'ccre" network of ten nodes having 8, 7, 6, 5, 5, 
4, 4, 5, 2, ai-:d 0 links v;as created. To "l o tenth node was 
attached one end of the movable link. Nine networks were gen- 
erated by successively attaching the other end of this link 
to each of the other nodes in the order that they are listed 
above. Because the indices gave identical readings for the 
networks in which the receiving nodes originally had the same 
number of links, one network for each of these two pairs was 
deleted, leavinp; a total of seven net^^/orks in this family. 
Throughout this family. Size was held constant at 10 nodes, 
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and Volume at 23 links. • not held totally ' 

constant, varied by only , n JDiameter = 2 to Din 

meter = 3 links), a much smaller variation than exists in 
the Diameter family itself. 

The eighth family was created to assess the sensitivity 
of the various indices to the degree of inequality in the dis- 
tribution of links within the network, measured as the vari- 
ance of the fr.equency distribution of links received per 
node. All frequency distributions were symmetric about a 
•midpoint of five links per node. The variances found in this 
fajni-ly are: 0.0, 1.0, 2.0, 3.0, 4.0, 5.0, and 6.1. Size was ' 
held constant at 10 nodes, and Volume, at 25 links. Control 
of the Diameter subdimensi-on was more difficult due to its 
intimate relationship with the Concentration of 'Mnks in the 
network. This relationship is best shown by example. A 
network in which one node is directly linked to all others 
(i.e., one in which relationships are concentrate d upon a 
particular node) will have a Diameter of only 2 even if no 
other links exist in the network. In a network of the same 
Size and Voluine which lacks such a coordinating node, however, 
Diameter could be considerably larger than 2. In the present 
case, the effects of Diameter v/ere minimised through the use 
of a special procedure for link assignment which connected 
nodes having relatively few links to those having relatively 
many. The success of this procedure in minimizing the vari- 
ation of Diameter is demonstrated by the fact that Diameters 

13 
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in this family only varied by one link (from Diameter = 2 to 
Diameter =3). 

Finally, Family 9 represented . , iiiameter subdimension. 
In order to maximize variation in Diameter, the networks in 
this family (unlike previous families) were all composed of 
open branches. The. first network in the family (with Dia- 
meter = 2) resembles a bicycle wheel. Subsequent networks- 
were created by removing one spoke at a time and attaching 
it to the open. end of another already centrally connected . spoke 
until in the final network the links, were stretched out end to 
end. Size was held constant at 10 nodes and Volume at 9 links 
per network. The close relationship between Diameter and Con- 
centration precluded exercising total control over the Concen- 
tration subdimension. The variances of the link frequency ^ 
distributions for these networks are 8.0, 6.6, 6.4, 4.6, 4.0, 
3.6, and 3.4, a range of 4.6. While this range is relatively 
similar to the range of variances in the second Concentration 
family (which was 6.1), it was hoped that it was small enough • 
that the indices would behave differently for the two families. 
As will be seen in the Results section, this expectation was 
fulfilled. 
Index Selection 

A set of indices was desired which showed promise as meas.- 
ures of communication structure. Due to the assumed bidireL 
tionality of the communication relationship (Guimaraea, 1970), 
and the necessity to limit the' scope of the study, only indices 

14 
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^ capable of distin.f-ulshing among strongly connected networks 
(i.e., networks in v/hirh all members are at least indirectly, 
connected to on.^ ^ consisting of bidirectional rela-^ 

tionships were c , Jn order to assure their compa- 

rability, only indices calculated from interactional data 
were used (thus excluding the Size subdlmenslon) . With these ' 
constraints, indices were chosen to represent all three of the 
remaining subdimensions of structure: Volume, Concentration, 
and Diameter. Several indices were chosen from the same sub- 
dimension where its importance to network analysis or its pop- 
ularity in prior research dictated that course., 

, Those chosen to represent the Volume subdlmenslon were: 
density (Niemei3er, 1973); Coefficient A (Davis- 196? measure 
of "clusterabillty"), and 3-balance (Cartv/rlght & Harary, I956), 
each of which combines the Size and Volume subdlmensions of 
the Magnitude dimension, ' " • 

Those selected for the Concentration subdlmenslon were: . " 
Bavelas- (1950) global centrality; Zeisel's (1968) monopollza- . 
tion; Coleman's (1964) "h^" measure of hierarchlzatlon; Monge's 
(1971) relative Information; and Pindley's (1966) group assimi- 
lation index. Finally, those selected for the Diameter sub- 
dimension were: -Sabidussi's (1966) "trivial centrality," 

Mitchell's (1965) compactness; and Harary 's (1959) global 
status. The computation formulae' for all eleven of these 

indices are given in the apDendix. 

15 
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Evaluation of Index Validity 

Index validity was defined above as the raonotonic co- 
variation of an index with a target siihdimension. Due to 
^''^^ unequal intervals i tween successive net- 

works in the families, Spearman's rank order correlation was 
used to measure this mono tonicity. An index which gave the 
same reading for all networks in a family was termed an "in- 
valid" measure of the target subdimenslon; an index with a 
coefficient of +1.0 or -1.0 was "valid"; and an index with 
a coefficient in-betv/een 0 and ±1.0 was r:Md to have "moder- 
ate validity" for that subdinension. 

uinc indices -.vi t;h cr.ly moderate va.. . zy would seem 
relatively useless either in measuring t: bdimension rep- 
resei.te in the family or in .avoiding its ..rounding influ- 
ence \rhen it v/as desired to measure other subdlmenslons , 
only. those indices with perfect correlations were evaluated 
for their relative' sensitivity to a particular subdimension. 
Index Gensitlvities were compared in terms of (a) the overall 
"shape" cf the Index-sut dimension relationship for a parti- 
cr:.?:- -a lly; and (b) th- magnitude of the index' s' discrim- 
ina-ic:: L . tween the first and last networks in the family., 
Wi unequal intervals between successive networks in 
a family, even a maximally sensitive index would not have a 
linear relationship with a family of networks. For this rea- 
son, shaDe was evaluated in terms of both, linear and quadratic 
components. Each network was assigned a numerical value equal 
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to its ordinal position in its family, and these ranlcs were 
used m a polynomial regression. Shape was measured as the 
percentaA-e of variance in the ordinal ranks which was accounted 
i'or by the combinnn inear and quadratic functions of the in- 
dex. These percentages were then rank ordered within each 
family. 

For 'he discrimination measure, each' index's values were 
convertec no r:-rcores, bared on its mean and standarn devi- 
ation fo: )a '■•jiily cc.-sidered separately.. The discrim- 

. ination r. .re .-as the absolute difference between ne z- 
scores fo.. • — -^rst and last network: in the family. These 
differences we: uhen rank ordered witnin each family. 

Shape- -:ic ..,..:crlmination are both desired properties, 
but they novary perfectly. Thus, a separate coeffi- 

cient v/as .'vMsed which adjusts the index's ranks on shape \ 
and discr;; ..ion for the discrepar.c- oetween those ranks. 

- It is :alc as : 

(Rai-ikg - Rankj^) . + (R: .kg ) (Ranlc^^ ) , 

where S st . ^ ^r chape, and J) stands for discrimination. 

Results 

As not; •XR . par-b inrlov pmil^ 'K" j _.-a.i, 

valid ..(with order correlation of il.O), invalid (with ' 

rank order co;-_- ..atio'n of 0); or moderately valid (with rajik 
order corrp ' n in-between validity and Invalidity). All 
results a- ■..,.:-; ..i-ed, in Table 1. 
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Uumerical entries are relative sensitivity ranJcs (calcu- 
lated only for the perfectly valid indices); "M" signifies 
moderate validity; "J" signifies total Insensltlvity or 
invalidity; and "undef." indicates that the index could not 
be calculated for all the networks in the family. 

V/lth respect to the Size subdimenalon, Indices 4, 5', 9, 
10, and 11 appear to be valldj Indices 7 and 8 are invalid? 
Index 6 is undefined due to the low levels at which Concen- / 
tration was stabilized, and Indices I, 2, and 3 behave vari- 
ably depending upon the Volume of links in the network. Of, 
the valid indices for this subdiraension, Index 10 appears to 
be the most sensitive, followed in order by Indices 4 5 11> 
and 9. 

For the Volume subdlmension. Indices 1, 9,. and 11 appear 
to be valid; Indices 4,. 5, 7, and 8 are invalid; Index 6 is 
undefined; and Indices 2, 3, and 10 behave vatiably depending 
on the Size of the network. Of the valid indices. Index 11 

< 

is the most sensitive, followed by Index 9 and Index 1. 

Since the two types of Concentration are really quite 
differen't, their results are discussed both separately and 
collectively. 

With' respect to the relocation of a single link in the 
net-^ork, Indices 2, 3, 5, 6, 7, 8, and 11 are found to be 
valid indices. Of these indices. Index 7 Is most sensitive. 
Indices 1, 2, 8, and 11 are tied for second place, and these 
are followed in turn by Index 6 and Index 5. Indices 4, 9, 

IB 
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and 10 have moderate validity for this subdlnenslon, and 
only Index 1 Is found to be Invalid for It. 

For the variance of the frequency distribution p vh.- • 
Indices 4, , 7, and 8 apnear to be valid indices, Index 5 
beinr the most sr-nsitlve," then Index 0, Index 4, and Index 7. 
Index 1 is invalid; Index 6 is undefined; and Indices 2, 3, 9, 
10, and 11 have ...oderate validity, 

V/hen the two fainilies of Concentration are considered 
-collectively, only Indices 5,1, and 8 are found valid for • 
both ty-oes, and only Inde:: 1 is perfectly invalid for both. 
Of- t'r-.ese. Index : tr; the most sensitive, followe:: by Indices . 
5 and 7 , ■ 

Finally, \'ilt':. resnect to Diameter, Indices 3, 5, 7, 8, 
9: 10, and 11 anp^ ...r to be valid measures, v/hile Indices 1 
and 2 are invalid. Index 4 ig only moderat ly valid, and 
Index 6 Is undefined. Of the valid indices. Index 11 Is the 
. most sensitive, followed in order by Indices 9, 10, 7, 3, 8, 
and 5 . 

Discussion 

These results may be used in two way^. : (a) to compare 
ti- validities aiid Gensitivities observed here v/ith those 
e:: octed from the literature; and (b) to recommend specific 
lu- 3 of particular indices in future research. 

For the first purpose, Taole 1 was subdivided Into col- 
ixmr-s/ indicating; the siibdine:icions bein/^ opera"* ".ally defir- - 
and rov/s, indica- ' r the subdinen ional affilia ns eipecte 
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for eac^. index, based on the literature. The three parti i " mr 

for v/iiich The oolnrji and row hean u .ao were labelled 

, . A •''•reernent v:ith the literature v:as ;iudged in terms 

of th^. nnmber of nunor: oal (rather than I, or undef J entries 
ea' i) -par uitiori contai.; 'd. 

examination c ' nartition A, v;hich nits alleged measures 
of Vo:iu:e ar;ain3t the manipulation of Volume used here shov;s 
only Incex 1 to be va_ld across all three Volume 'families. 
The fact that neither ':lusterability nor 3-balarice is valid 
fo all three famili coiild be interpreted as evidence that 
lAv ■/ are simoly not ver"- useful indices, Hov/ever, it^ seems 
more r- aGonable to intc^:'pret this as evidence that Volume and 
transitivity are not a: closely related as the literature in 
the na."^ has 8Uf^;?;ested. Perhans these, tv/o indices would be 
nerfecTl. y valid for a family manifesting variations in transi- 
tivity ilone, but resolution of this, matter av/aits further 
r- 3ear'' 

A :nuc:: better a.q;reement v/ith the literature occurs in 
~ artition In that -partition, all five Concentration indi- 

zier, are fovrnd valid for at least one type of Concentration, 
z.:rA three :: f the five are valid for both tynes. The fact that 
l.:velas* c^ntrality wa.: found valid for ~;he second type cf 
^rv.-^oent-^-ati -)r^ -i.hs-^ant s "^l^^^ment's (l^'-3) olaim that it is 
se iv: o n d: : : / ion of links T_n ^ netv/orlc. 

"'•l.;^:- ir vjartitlw' C are in neri''^ accord v;ith the 
r: "i.ri:a~"ior: of ■ inaiccr as me^ o^ nei.v.^ork Diameter, 
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In general, there seens to be a close ccrresj..3nd3nce be- 
tween the index sensitivities that ,ie literature suggests and 
those observed in thes^- data. Hov;-- -er, the presence of nu- 
merical entries in partitions other than A, B, and C shows 
that many of these indices have multiple sensitivities which 
are n .t mentioned in the literature. Since index values on 
one subdimension may actually be confounded by variation in 
another (theoretically distinct) subdimension, it is obviously 
important to keep these multiple sensitivities in mind when 
selecting or interpreting indices in research. ' The present 
multi-dimensional data seem uniquely well-suited for these 
activities-. 

It was noted above tha- an index with only moderate 
validity for a particular subdimension seens relatively less 
useful in either measuring that subdimension or avoiding its 
confounding influence when measuring other subdimensions. 
In contrast, the ideal index would be one whose validities 
are decisive, that is, a mixture of only -1.0 and 0 corre- 
lations. Only three indices satisfied this cri-erion in 
the present study. They were monc policati .n, relative infor- 
mation, and gror i assimilation. 

The inonopoli::aticn -ndex was found to be a valid measure 
of Size, Concentration, ?-...:d Tiameter, but w-s perfectly insen- 
sitive to variations in Volume. Because t; -se sensitivities 
cut across the sr-^iDOsedly theoretically distinct dinensions 
of Magnitude, an; asr arity, this index ri/'-t be of little ' 
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.general reneamh value. However, to a researcher interested 
in measurin;^ all suhdinensions excevt Volijxoe, this index mifrht 
be quite useful. If values on this inde:< v/ere implicated in 
functiono.l relationnhips with non-structural variables, a 
reasonable interpretation would ceem to be that whatever struc< 
tural suhdimenrjion was involv^ed in a fujictional relationship, 
it v/as not Volume, and that it v/as probably either Size, or, 
Concentration, or Diajneter , or some combination of them. 
These interpretations are stated either negatively or ^else 
probabilistically because of the possible existence of addi- 
tional structural dimensions not yet identified. This issue 
is addressed in more detail later in this section. ' 

The other tv/o indices, relative information, and group 
assimilation, were found to be perfectly valid for the two - 
Disparity subdimensions , and perfectly insensitive to both 
of the Magnitude subdimensiohs. This sugfiests their possible 
utility in measuring- the Dismrity dimensi::i free from con- 
founding by the ::ar.:nitude dimr-ision. . If either of these in- 
dices is implicated in a functional relationship v/ith a non- 
structural variable, the ar)r,ropriate interpretation v/ould 
seem to be that the structural su :,:dinension involved in the 
observed -'elationship v/as neither Size nor Voluz.-?, and that 
it was probably either Concentration or Diameter or some . 
combination of the -two. 

Differences in the relative spnsitivites of these two 
indices suF.Rest an even more so-^histicated basis for index 
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selection. A researcher wishin.-r his ir.de:-: to be more sensi- 
tive to Concentration than to Piameter Kight select group 
assimilation rather than relative information. However, the 
frequently small differences in the shaiie measure and the 
fact that there v/ere many tied ranks makes this inadviseable 
on the basis of the present data alone. 

This .study has proposed and employed a new method for 
the validation of structural indices. This method has several 
importand advantages over nrevious methods. The first advan- 
tage is in its use of hyi^othe tical netv/ork_s rather than actual 
socio-n.6tworks. This allows .r^reater variation in the target' 
subdimensions than v/ould be found in natural settings. Addi- 
• tlonally, it enables much greater control over the observa- 
tional situation. In the natural setting, afterallj. many sub- 
dimensions would vary at once, leaving no possible way of sys- 
tematically ordering then. A second advantage is that this 
method provides data-based (rather than merely intuitive) 
recommendations which have actual practical utility. One final' 
advantage is its heuristic value. Since its use requires the 
s^eciMcation and operational definition of target as well as 
ncn-t:..rget subdimensions, it otienly encourages the clarifica- 
tion the Structure variable and its most potent dimensions. 

V -ile .several v^eaknesses may be noted also, none of them 
seems _nherent in the method itself (as were the shortcomings 
of mos-; nrevious methods), but only in its application here. 
The first of these concerns the inadequate research enumerating 
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■".■.heoretically i-m^ortant dirnon3io:;!c of structure. To the 
dercree that t}ie i^rosent list is incor.iDlete , and 
unspecified dir.ennions are left free to vary, the index sensi- ' 
tivitins rer.orted throurrh the une of this method may not be 
entirely correct. In order to avoid a proliferation of un- 
needed dineneio-s, hov/Gver, a conKervativc approach seems 
alr;o rjeeded. This method need not be limited by such con- 
servatism, ao-/ev^r. Its results ma:^ wel]. surrest additional 
dimensions needinr further stud-, as v/as shovm in the case 
of transitivity. V/liile clearly a bootstrap operation, this 
ai^-oroach seems to have considerable promise. 

A secord v/eal-ness with the nurrent a-nlination of this 
method involves +he nresent choices of stabilizing values for 
no^-tar.rret suodirensions. As Coleman's hierarchizatior index 
illustrates, index values may be confounded by non-target sub- 
dlmonsions even. if those subdimensions are held constant. Thus, 
in the present case, each time Concentration was r.iinimized, 
this irde:-' v;ar undefined. To minimise a systematic bias of ' - 
this sort, it is cu,";n;ented that future researchers select 
atabilizatio- values at random from a set of logisticallv 
"nossible comhinations of them. 

A final v;c£;Jmess is the fact that the present apnlication 
involved variation on 0:1 ly one subdimencion at a time. The 
real v,'orld of structure is full of simultaneous variations of 
various dirnennionc. To the degree that they are theoretically ' 
distinct, the validity of an index for i-.he tarpret subdimension 
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will be lessened, h'^nce potentially lessening the pragmatic 
utility of the reconrnendations made from these data. Thus, 
it is recomended that future armlications of this method 
involve the rinultaneous variation of multiple subdimensions. 

In addition -to malcing these suggested changes in future 
applications of this method, it is hoped that future researchers 
will evaluate more and different indices, and adapt additional 
methods to the multi-dimensional validation of structural 
indices. Sabidussi's (1966) method seems particularly 
promising in this regard since it seems capable of Indicating 
whv indices measure what they do. 

Though the systematic validation of structural indices 
is currently lacking, it is hoped that its importance will 
soon be appreciated, and that these and related approaches 
will be expanded to illuminate the measurement capabilities 
of many nronisin.^ indices. Once this is accomplished, the- 
orizing re.p:arding socio-networks generally, and communication 
networlrs in particular, v/ill seem at last free to advance 
v/ith v/ell justified self-confidence. 
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Q FIGURE I. Beginning ar. d intermediate networks for each of nine families 
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